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ORIGINAL ARTICLE

Regular swimming exercise performed either before or after the induction
of renovascular hypertension alleviates oxidative renal injury in rats

Zarife Nigair OZDEMIR KUMRAL, Goksel SENER, Berrak C. YEGEN

Abstract

Epidemiological studies have shown that regular exercise and
increased aerobic fitness are associated with a decrease in all-
cause mortality and morbidity, including diseases related with
high blood pressure. However, whether exercise has an anti-
inflammatory impact on the pathogenesis of hypertension was
not elucidated yet. In the present study, to investigate the
potential protective and therapeutic effects of exercise training
(swimming for 30 min/day, 5 days/week for 9 weeks) on
renovascular hypertension (RVH) 10-week-old male Wistar
albino rats were divided into 4 groups as sham-operated
sedentary control group, sedentary group with RVH (2-Kidney,
1-Clip Goldblatt) and two exercised RVH groups, which had
9-week training either before the surgery or after the surgery.
Systolic blood pressures (SBP) were measured by the tail-cuff
method on a weekly basis and at the end of 12 weeks, rats were
decapitated to obtain kidneys. SBP were significantly higher in
the sedentary RVH group than the control group, whereas in
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the trained RVH group measurements were not different than
those of the control animals. In the renal tissues of the
sedentary RVH group, malondialdehyde and myeloperoxidase
levels were increased with a concomitant decrease in
glutathione levels, while in the trained RVH group the levels
were not different than those of the control group. Moreover,
in the trained RVH group, superoxide dismutase and catalase
levels measured as antioxidant parameters, were also
significantly increased as compared with those of the
sedentary RVH group. Current results demonstrate that
regular moderate training controls high blood pressure in
RVH, while RVH-induced oxidative damage in renal tissue is
ameliorated through the modulation of oxidant-antioxidant
balance. Exercise training does not only improve the
circulatory functions, but it also initiates an anti-inflammatory
process to defend against the angiotensin-II-induced renal
injury.

Keywords: Exercise, hypertension, kidney, oxidative stress

INTRODUCTION

Renovascular hypertension (RVH) is described among the most
prevalent and important causes of secondary hypertension and
renal dysfunction, which may be mostly caused by atherosclerotic
disease, reduced perfusion pressure, including fibromuscular
diseases and renal infarction (1). It was suggested that RVH
develops from the activation of a variety of pressor signals,
including the renin-angiotensin system, oxidative stress and
sympathoadrenergic pathways (1). Higashi et al.(2) have shown in
patients with RVH that oxidative stress parameters were increased
in parallel with increased plasma angiotensin (Ang) II levels.
Following renal angioplasty plasma renin activity, plasma Ang II
concentration, as well as serum malondialdehyde-modified low-
density lipoprotein concentration and urinary 8-hydroxy-2’-
deoxyguanosine excretion were decreased in these patients with
RVH, verifying the involvement of oxidative stress in the
ethiopathogenesis of RVH. Accordingly, several potent
antioxidants were investigated to be used as antihypertensive
agents and were shown to reduce blood pressure by improving
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baroreflex sensitivity, down-regulating vascular matrix
metalloproteinases or scavenging the oxygen radicals that would
inactivate vasodilatory action of nitric oxide (NO)(3,4,5). Similar
to antioxidants, aerobic exercise training was shown to reduce
oxidative stress and inflammation and to increase anti-oxidant
defenses by enhancing the resistance against reactive oxygen-
induced lipid peroxidation and DNA damage (6,7).Voluntary
running exercise in spontaneously hypertensive rats was shown to
reduce plasma renin activity and plasma renin concentration (8)
and improve microcirculatory profile in different tissues (9,10),
making exercise a recommended non-pharmacological treatment
modality in hypertension (11,12).

Although exercise is known to lower blood pressure (13) and
hyperlipidemia (14)in humans, and has long been accepted as an
important component in the treatment of diabetes (15), not much
is known about the effects of exercise on renal disease. Despite
that exercise endurance is lowered in patients with renal
dysfunction (16), physical training is proven to improve quality of
life and nutrient metabolism in patients with kidney disease (17).
Recently, it was shown in hypertensive rats induced with an
inhibitor of NO synthesis, exercise training had hypotensive effect
in rats and physical training could protect against oxidative renal
injury caused by hypertension (18). Similarly, it was shown in rats
with chronic renal disease that exercise exerted a positive
influence on oxidative stress parameters (19). Based on these
observations, current study was aimed to elucidate the protective
and therapeutic effects of exercise on renovascular hypertension-
induced oxidative injury of the kidneys.

MATERIALS AND METHODS

Animals and experimental design

Male Wistar albino rats (300-350 g, 10 weeks old, n=55), supplied
by the Marmara University (MU) Animal Center (DEHAMER;
approval no: 22.2009.mar), were housed in a temperature-controlled
(22 + 2°C) room with relative humidity (65-70%) and standardized
light/dark (12/12 hour) cycles. Rats were fed with standard rat
pellets and tap water ad libitum. All experimental protocols were
approved by the MU Animal Care and Use Committee.

Rats were randomly assigned to sham-operated control (n=10)
and renovascular hypertension (RVH) groups (n=45). RVH rats
were either kept sedentary throughout the 12-week follow-up
period of the experiment (n=15) or had swimming exercise for 9
weeks either before (n=15) or after (n=15) RVH surgery. In order
to produce a unilateral Ang-dependent RVH (2-kidney-1-clip,
2K1C) model, briefly a silver clip (internal diameter 0.25 mm)
was placed around the left renal artery of rats, which were
anaesthetized with ketamine (100 mg/kg) and chlorpromazine
(0.75 mg/kg) given intraperitoneally (ip) (20). In the sham-
operated control group, rats had similar surgical procedures except
the clip placement.

Rats in the exercise condition were subjected to a moderate
load swimming exercise (21) in which they swum for 30 min per
day and 5 days per week for nine consecutive weeks. Swimming
was chosen as the exercise model, because it is a natural ability of
the rats and has advantages over treadmill running (22). The
swimming sessions were made in a glass pool (100 cm x 50cm)
with a 50 cm height filled with lukewarm water (32+ 28°C) to a

depth of 35 cm. Sedentary rats were placed in the bottom of a
separate tank with shallow water (5 cm) where they could stand on
their feet.

Blood pressure measurements

Before the surgery and at weekly intervals, blood pressure
measurements were made by the tail-cuff method. It was
previously described in the RVH model that hypertension develops
and plasma renin and angiotensin II content increase during the
first 3 or 4 weeks (23). After the 9 weeks, hypertension becomes
renin-independent, because both plasma renin and angiotensin II
content return to normal. In the current study, at the end of the 12-
week experimental procedure, exercised-before-RVH group has
had a 3-week-RVH, because RVH was induced following 9 weeks
of exercise. Exercised-after-RVH group has had a 12-week-RVH
at the end of the experimental procedures, because 9 weeks of
exercise was started 3 weeks after the induction of RVH.

Indirect blood pressure measurements were made by the tail-
cuff system (Biopac MP35 Systems, Inc. COMMAT Ltd. Ankara,
Turkey). Initially, the rats were placed for 10 min in a chamber
heated to 35°C. Then the rats were placed in individual plastic
restrainers and the cuffs equipped with pneumatic pulse sensors
were wrapped around their tails. Blood pressure recording for each
measurement period was averaged from at least three consecutive
readings on that occasion obtained from each rat.

Biochemical measurements

At the end of the 12-week experimental procedure, rats were
decapitated. The kidneys were rapidly removed and the non-
clipped left kidneys were removed and weighed. Kidney samples
obtained from each animal were stored at —80°C until the
determination of tissue myeloperoxidase (MPO) activity,
malondialdehyde (MDA), glutathione (GSH), catalase (CAT),
superoxide dismutase (SOD) levels.

Measurement of renal myeloperoxidase (MPO) activity

Since tissue MPO activity was shown to correlate significantly
with the number of neutrophils determined histochemically, it is
frequently used to estimate tissue neutrophil accumulation in the
inflamed tissues (24). The method used for the assay of MPO
activity was similar to that was previously described by others
(24). Kidney samples (0.2-0.3 g) were homogenized in 10
volumes of ice-cold potassium phosphate buffer (50 mm K, HPO,,
pH 6.0) containing hexadecyltrimethylammonium bromide
(HETAB; 0.5%, w/v). The homogenate was centrifuged at 41,400
g for 10 min at 4°C, and the supernatant was discarded. The pellet
was then re-homogenized with an equivalent volume of 50 mm
K HPO, containing 0.5% (w/v) HETAB and 10 mm EDTA (Sigma
Chemical Co., St. Louis, MO, USA). MPO activity was assessed
by measuring the H,0,-dependent oxidation of o-dianisidine.2HCI.
One unit of enzyme activity was defined as the amount of MPO
present per gram of tissue weight that caused a change in
absorbance of 1.0 min~! at 460 nm and 37°C.

Measurement of renal malondialdehyde (MDA) and
glutathione (GSH) levels

Samples of kidney tissues were homogenized in 10 volumes of
ice-cold 10% trichloracetic acid in an Ultra Turrax tissue
homogenizer. Homogenized tissue samples were centrifuged at
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Figure 1. a) Left kidney weight to body weight ratio (mg/g), b)
Malondialdehyde (MDA, nmol/g) levels, ¢c) Myeloperoxidase (MPO,
U/g) activity in the sham-operated control (C), sedentary renovascular
hypertension (RVH), exercised-before- RVH and exercised-after-RVH
groups.

#% p<0.01, *** p<0.001 compared with the control group. ** p<0.01,
+* p<0.001 compared with the sedentary RVH group.

2,000 g for 15 min at 4°C. The supernatant was removed and
re-centrifuged at 41 400 g for 8 min. GSH measurements were
performed using a modification of the Ellman procedure (25).
Lipid peroxidation was quantified by measuring the formation of
thiobarbituric acid-reactive substances as previously described
(26). Lipid peroxide levels were expressed in terms of
malondialdehyde (MDA) equivalents using an extinction
coefficient of 1.56 x 105 M ecm™.

Measurement of superoxide dismutase (SOD) and catalase
(CAT) activity in the kidneys

SOD activity in kidney samples was measured according to a
previously described method (27). Briefly, measurements were
performed in cuvettes containing 2.8 ml 50 mM potassium
phosphate (pH = 7.8) with 0.1 mM EDTA, 0.1 mM 0.39 mM
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Figure 2. a) Glutathione (GSH; mmol/g) levels, b) Superoxide
dismutase (SOD; U/mg protein) levels, c¢) Catalase (CAT; nmol/g)
levels in the sham-operated control (C), sedentary renovascular
hypertension (RVH), exercised-before-RVH and exercised-after-RVH
groups.

*p<0.05, ** p<0.01, *** p<0.001 compared with the control group. *
p<0.05, compared with the sedentary RVH group.

riboflavin in 10 mM potassium phosphate (pH 7.5), 0.1 ml of 6
mM o-dianisidin.2 HCI in deionized water, and tissue extract (50,
100 ml). Cuvettes with all their components were illuminated with
20-W SlylvaniaGro-Lux fluorescent tubes (Sylvania GRO-LUX
F18W/GRO, Erlangen, Germany) that were placed 5 cm above
and to one side of cuvettes maintaining a temperature of 37°C.
Absorbance was measured at 460 nm with a Schimadzu UV-02
model spectrophotometer (Schimadzu, Tokyo, Japan). A standard
curve was prepared routinely with bovine SOD (S-2515-3000 U;
Sigma Chemical Co, St Louis, MO, USA) as reference.
Absorbance readings were taken at 0 and 8 min of illumination
and the net absorbance was calculated. The method for the
measurement of CAT activity is based on the catalytic activity of
the enzyme that catalyzes the decomposition reaction of H,O, to
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Table 1. The effect of exercise on blood pressure and heart rate of
experimental groups with renovascular hypertension.

Sham-

rated Sedentary Exercised Exercised
operated pvh before RVH  after RVH
control
Blood pressure (mmHg)
126+2.6 122+19 120+ 0.8 123+£2.6

Before surgery 129 4£2.5 175+ 6.74%% 139 & 1.5%F5 44+ 175 4 2,745+

12t week
Heart rate (BPM)

322+82 323+73 321493 318+6.9
Before surgery

329+79 408+7.6 384 +10.5 422+ 4.6

12t week

Blood pressure (mmHg) and heart rate (beats per minute; BPM)
measurements in the sham-operated control (n=6), sedentary renovascular
hypertension (RVH; n=8), exercised-before-RVH (n=8) and exercised-
after-RVH groups (n=8).

##% p<0.001 compared with the sham-operated control group. *** p<0.05
compared with the sedentary RVH group.

give H,0 and O, (28). Briefly, the absorbance of the tissue samples
containing 0.4 ml homogenate and 0.2 ml H,0, was read at 240
nm and 20°C against a blank containing 0.2 ml phosphate buffer
and 0.4 ml homogenate for about 1 min.

Statistical analysis

Statistical analysis was carried out using GraphPad Prism 6.0
(GraphPad Software, San Diego, CA, USA). All data are expressed
as means + SEM. Groups of data were compared with an analysis
of variance followed by Tukey’s multiple comparison tests and
Student’s t test. Values of p<0.05 were regarded as significant.

RESULTS

The effect of swimming exercise on blood pressure

The basal blood pressures that were recorded before surgery were
not different among the experimental groups (Table 1). At the end
of the 12 weeks, the mean systolic blood pressures in all the RVH
groups were significantly (p<0.001) elevated as compared to
sham-operated control group. However, in the exercised-before-
RVH group that had a shorter duration (3-week) of RVH following
the swimming training, elevation in blood pressure was
significantly lower (p<0.05) as compared to the sedentary RVH
group or to the group that had swimming exercise 3 weeks after
the induction of RVH. Blood pressures measured at the 3" weeks
in the exercised-after-RVH (142.6+2.3 mmHg; p<0.05) and
sedentary RVH (165+7.2 mmHg; p<0.001) groups were
significantly higher than the pressure measured at the 12 week of
exercised-before-RVH group (139+1.5 mmHg). On the other
hand, no significant differences were observed among the heart
rate recordings of the groups.

The effect of swimming exercise on renal atrophy and injury
Although body weights of the rats increased during the
12-week follow-up period, these alterations were not different
among the experimental groups (data not shown). Morphological
atrophy of the kidney was determined by the ratio of the kidney

weight to the body weight measured on the day of decapitation.
Indicating renal atrophy, the ratio calculated from the kidneys in
the sedentary RVH group was significantly decreased when
compared with the ratios of the control group (p<0.01; Fig. 1a).
Similarly, in the exercised-after-RVH group, renal atrophy ratio
was significantly lower (p<0.001). On the other hand, the ratio
calculated in the exercised-before-RVH rats was not different than
that of the control rats, suggesting that no renal atrophy is evident
as seen in the other RVH groups.

In the sedentary RVH group, renal levels of MDA, an index of
lipid peroxidation, were found to be significantly higher than those
of the sham—operated control group (p< 0.001), while exercise
training, either performed before or after the induction of RVH,
abolished the elevations in renal MDA levels (p<0.001, Fig. 1b).
In accordance with that, MPO activities in the renal tissue samples
were significantly increased in the sedentary RVH group as
compared with the control group (p < 0.001; Fig. 1c), indicating
increased neutrophil infiltration to the kidney. However, in the
RVH rats, which have exercised for 9 weeks either before or after
the surgery, elevations in MPO activity were significantly
suppressed (p < 0.001; Fig. 1c).

The effect of swimming exercise on renal antioxidant
enzymes

Induction of RVH in the sedentary rats caused significant
reductions in GSH levels and SOD and CAT activities of the
kidneys when compared with those of the sham-operated control
rats (p<0.05-0.01, Fig. 2). Reduced SOD activity was not altered
in either group that had exercised before or after RVH. Antioxidant
GSH content was replenished significantly (p<0.01) in the
exercised-before-RVH group, while the elevation in GSH in the
exercised-after-RVH did not reach a statistical significance. On the
other hand, RVH-induced reduction in CAT was significantly
reversed in the group that has exercised after RVH (p<0.05), but
not in the group that has exercised in the beginning of the protocol.

DISCUSSION

In the present study, the findings demonstrate that regular
swimming exercise performed for 9 weeks, either completed
before the induction of RVH or started by the 3™ week of RVH
induction, alleviated oxidative renal injury as evidenced by
suppressed lipid peroxidation and neutrophil infiltration along
with increased levels of GSH, SOD and CAT in the kidney.
Despite extensive evidence demonstrating that exercise
training should be considered as an important intervention in
protecting against chronic diseases such as diabetes, heart failure
and end-stage renal disease (29, 30, 31), it has not been explored
thoroughly for the treatment of patients at the earlier phases of
renal disease with hypertension. In a rat model of diabetes- and
obesity-associated nephropathy, treadmill running of moderate
intensity significantly ameliorated early renal injury (32). Current
data demonstrate that, in contrast to sedentary or post-RVH
exercised groups, no renal atrophy was observed when regular
exercise was performed before RVH was induced. This group
represented an early (3-week) phase of the RVH model with high
plasma levels of angiotensin II (23). In the sedentary and
exercised-after-RVH groups that had atrophy, a long-term renin-
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independent hypertension was present. However, the current
results further demonstrate that exercise training whether
performed before or after the occurrence of RVH, protected the
renal tissue against oxidative injury. Mainly for its cardioprotective
effect, use of exercise training was considered as an essential
component in the treatment of patients with chronic renal disease
(33).1t appears that the protective impact of exercise training is
also evident directly on the injured kidney tissue.

Exercise was shown to increase antioxidant activity (e.g.
superoxide dismutase, glutathione peroxidase and catalase) in the
heart and skeletal muscle (34). High SOD and GPx activities in the
sera of elite rugby players were suggested to be due to the presence
of oxidative stress of exercise (35). Similarly, after a 12-week
endurance training in healthy humans, SOD and GSH peroxidase
(GPx) activities in the erythrocyte membrane were increased, but
CAT activity was proved to be unchanged (36). In parallel to human
data, swimming exercise in rats for 10 weeks increased SOD activity
in the diaphragm and kidney (37). Treadmill exercise in rats with
either chronic hypertension (38) or chronic renal disease was shown
to increase SOD and GPx activity, but not the antioxidant effects of
CAT, implicating that the protective effect of regular aerobic exercise
on kidney damage occurs by up-regulating SOD and GPx activity
(19). In the current study, exercise training did not alter RVH-
induced depletion in renal SOD levels. However, depletion in renal
GSH was blocked in rats that have exercised before RVH, while the
reduction in CAT was abolished only in the exercised-after-RVH
group. When taken with previous studies, it appears that exercise
when performed either before or after RVH has a stimulatory effect
on the generation of antioxidants or it inhibits their depletion by the
oxidants. That is, regularly performed swimming exercise before
RVH is likely to be interpreted as an oxidative stress, which might
precondition the renal tissue and prepare the antioxidant stores
against other oxidant insults, while exercise after RVH might have a
provocative effect on the antioxidants.

Renovaskiiler hipertansiyon olusturulmasinin
oncesi veya sonrasinda yapilan diizenli yiizme
egzersizi sicanlarda oksidatif bobrek hasarini
hafifletir

Ozet

Epidemiyolojik ¢alismalar diizenli egzersizin ve artmig aerobik
zindeligin mortalite ve morbidite oranlarinda azalmaya neden
oldugunu ayni zamanda yiiksek kan basincini diisiirdigiini
gostermistir. Egzersizin hipertansiyon patogenezi iizerine anti
inflamatuvar etkileri net olarak ortaya konmamistir. Caligmada,
egzersizin (30 dk/glin, 5 giin/hafta, 9 hafta yiizme egzersizi)
hipertansiyondaki olas: iyilestirici ve koruyucu etkilerini ortaya
koymak i¢in 10 haftalik erkek Wistar albino
sicanlarda renovaskiiler hipertansiyon (RVH) modeli olusturuldu.
Siganlar sedanter birakilan taklit-cerrahi grubu (kontrol), sedanter
RVH (2-bobrek 1-klip, Goldblatt metodu), RVH cerrahisi 6ncesi
veya sonrasinda 9 hafta egzersiz yapmis 2 ayrt RVH grubu olmak
iizere 4 gruba ayrildi. Sistolik kan basinglari (SKB) her hafta

Activated neutrophils release chemotactic substances, which
further promote neutrophil migration to the tissue, exacerbating
tissue injury through the production of oxygen metabolites,
initiating the deactivation of antiproteases and the activation of
cytotoxic enzymes, such as elastase, proteases, lactoferrin and
MPO (39). MPO, released into the extracellular fluid as a response
to various stimulatory substances, is indicative of neutrophil
infiltration to the injured tissue. We have previously demonstrated
that swimming exercise for 8 weeks reversed the elevated MPO
activities in the cardiac muscle, liver, stomach, and brain of the
stressed rats (21). In the current study, regular exercise made either
before or after renal injury effectively abolished RVH-induced high
MPO activity, suggesting that the protective effects of exercise
training is mediated in part by blocking renal neutrophil infiltration.

Extensive evidence from animal studies suggests that exercise
in all its forms has a positive impact on several aspects of health.
Moderate and regular exercise has attenuated aging-associated
mitochondrial dysfunction (40), improved cognitive performance
(41) and memory (42) and positively affected emotional aspects of
behavior, resulting in better responses to acute or chronic stressor
exposures (43).It was shown that exercise training in rats improved
cardiac function following myocardial infarction (44), attenuated
endotoxemia-induced lung damage (45) and reduced the
progression of renal disease (46). In accordance with these,
swimming exercise ameliorated RVH-induced oxidative damage
of the kidneys via the inhibition of neutrophil infiltration. In
conclusion, regular moderate exercise may represent an effective
non-pharmacologic approach in preventing or reducing renal
oxidative damage induced by renovascular hypertension.
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olciildi ve 12. hafta sonunda sicanlar dekapite edilerek
biyokimyasal analizler yapilmak tizere bobrek dokulari alindi.
Sonuglar GraphPad Prism 6.0 paket programi ile analiz edildi.
Varyans analizleri Tukey c¢oklu karsilastirma ve Student’in t testi
ile yapild1 p<0,05 anlaml1 kabul edildi. SKB kontrol grubuna gore
sedanter RVH grubunda anlamli derecede yiiksek bulunurken
egzersiz yapan gruplarin dl¢iimlerinde kontrol hayvanlarindan
farkli degildi. Bobrek dokusunda kontrol grubuna gore sedanter
RVH grubunda malondialdehit ve miyeloperoksidaz seviyelerinde
artig goriliirken glutatyon seviyelerindeki azalma egzersiz
gruplarinda ortadan kalkmistir. Ayrica, antioksidan parametre
olarak oOlglilen sliperoksit dismutaz ve katalaz seviyeleri de
sedanter gruba kiyasla egzersiz yapan her iki RVH grubunda da
artmigtir. Bu sonuglar orta siddette diizenli egzersizin kan basincini
kontrol ederek bobrek dokusunda RVH kaynakli oksidatif hasarda
oksidan-antioksidan dengenin modiilasyonu ile iyilestirme
yaptigin1 ortaya koymaktadir. Egzersiz yalnizca kardiyak
fonksiyonlar1 gelistirmekle kalmaz ayni zamanda anjiotensin-II-
kaynakli bobrek hasarma karsi savunmak i¢in bir anti-inflamatuvar
stireci baglatir.

Anahtar kelimeler: Egzersiz, hipertansiyon, bobrek, oxidatif stres



Marmara Pharm J 18: 66-72, 2014

Kumral et al.

L . . .. 71
Swimming exercise ameliorates renal injury

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

18.

Textor SC, LermanL. Renovascular hypertension and ischemic
nephropathy. Am J Hypertens 2010;23: 1159-69.

2. Higashi Y, Sasaki S, Nakagawa K, Matsuura H, Oshima T,
Chayama K.Endothelial function and oxidative stress in renovascular
hypertension. N Engl J Med 2002;346: 1954-62.

Schnackenberg CG, Welch WJ, Wilcox CS. Normalization of blood
pressure and renal vascular resistance in SHR with a
membranepermeable superoxide dismutase mimetic: role of nitric
oxide. Hypertension 1998;32: 59-64.

Queiroz TM, Guimardes DD, Mendes-Junior LG, Braga VA.a-lipoic
acid reduces hypertension and increases baroreflex sensitivity in
renovascular hypertensive rats. Molecules 2012;17: 13357-67.

Cau SB, Guimaraes DA, Rizzi E, Ceron CS, Souza LL, Tirapelli CR,
Gerlach RF, Tanus-Santos JE. Pyrrolidine dithiocarbamate down-
regulates vascular matrix metalloproteinases and ameliorates vascular
dysfunction and remodelling in renovascular hypertension. Br J
Pharmacol 2011;164: 372-81.

Kalani R, Judge S, Carter C, Pahor M, Leeuwenburgh C. Effects of
caloric restriction and exercise on age-related, chronic inflammation
assessed by CRP and interleukin-6. J Gerontol A Biol Sci Med Sci
2006;61: 211-7.

Navarro A, Gomez C, Lopez-Cepero JM, Boveris A. Beneficial
effects of moderate exercise on mice aging: survival, behavior,
oxidative stress, and mitochondrial electron transfer. Am J Physiol
Regul Integr Comp Physiol 2004;286: R505-11.

(Hayashi A, Kobayashi A, Takahashi R, Suzuki F, Nakagawa T,
Kimotro K. Effects of voluntary running exercise on blood pressure
and renin-angiotensin system in spontaneously hypertensive rats and
normotensive Wistar-Kyoto rats. J Nutr Sci Vitaminol (Tokyo)
2000;46: 165-70.

Melo RM, Martinho E Jr, Michelini LC. Training-induced, pressure-
lowering effect in SHR: wide effects on circulatory profile of exercised
and nonexercised muscles. Hypertension 2003; 42: 851-7.

Hagg U, Andersson I, Naylor AS, Gronros J, Jonsdottir IH, Bergstrom
G, Gan LM. Voluntary physical exercise-induced vascular effects in
spontaneously hypertensive rats. Clin Sci (Lond) 2004;107: 571-81.
Agarwal D, Elks CM, Reed SD, Mariappan N, Majid DS, Francis J.
Chronic exercise preserves renal structure and hemodynamics in
spontaneously hypertensive rats. Antioxid Redox Signal 2012;16:
139-52.

Evenwel R, Struyker-Boudier H. Effect of physical training on the
development of hypertension in the spontaneously hypertensive rat.
Pfliigers Arch. 1979; 381: 19-24.

Arakawa K. Exercise, a measure to lower blood pressure and reduce
other risks. Clin Exp Hypertens 1999;21: 797-803.

Heath GW. Exercise training improves lipoprotein profiles in patients
with coronary artery disease. Am Heart J 1983;105:889-95.

Zinman B, Vranic M. Diabetes and exercise. Med Clin North Am
1985;69: 45-52.

Wasserman K. Physiology of Exercise. In: Wasserman K, Hansen JE,
Sue DY, Whipp BJ (editors):Principles of exercise testing and
interpretation. Philadelphia: Lippincott Williams & Wilkins;
1999;10-61.

Goldberg AP, Geltman EM, Gavin JR. Exercise training reduces
coronary risk and effectively rehabilitates hemodialysis patients.
Nephron 1986; 42: 311-315.

Cardoso AM, Martins CC, FiorinFda S, Schmatz R, Abdalla FH,
Gutierres J, Zanini D, Fiorenza AM, Stefanello N, Serres JD,
Carvalho F, Castro VP, Mazzanti CM, Royes LF, Bello-Klein A,
Goularte JF, Morsch VM, Bagatini MD, Schetinger MR. Physical

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

training prevents oxidative stress in L-NAME-induced hypertension
rats. Cell Biochem Funct 2013;31:136-51.

de Souza PS1, da Rocha LG, Tromm CB, Scheffer DL, Victor EG, da
Silveira PC, de Souza CT, Silva LA, Pinho RA. Therapeutic action of
physical exercise on markers of oxidative stress induced by chronic
kidney disease. Life Sci. 2012;21;91:132-6.

Ersahin M, Sehirli O, Toklu HZ, Siileymanoglu S, Emekli-Alturfan
E, Yarat A,Tatlidede E, Yegen BC, SenerG.Melatonin improves
cardiovascular function and ameliorates renal, cardiac and cerebral
damage in rats with renovascular hypertension. J Pineal Res.
2009;47:97-106.

Cakir B, Kasimay O, Kolgazi M, Ersoy Y, Ercan F, YegenBC.Stress-
induced multiple organ damage in rats is ameliorated by the
antioxidant and anxiolytic effects of regular exercise.Cell Biochem
Funct. 2010;28:469-79.

Lima FD, Oliveira MS, Furian AF, et al. Adaptation to oxidative
challenge induced by chronic physical exercise prevents Na+, K+-
ATPase activity inhibition after traumatic brain injury. Brain Res
2009; 1279: 147-55.

Martinez-Maldonado M. Pathophysiology of renovascular
hypertension. Hypertension 1991;17:707-19.

Bradley PP, Priebat DA, Christensen RD, Rothstein G. Measurement
of cutaneous inflammation: estimation of neutrophil content with an
enzyme marker. J Invest Dermatol. 1982;78(3):206-9.

Aykag G, Uysal M, Yalgin AS, Kogak-Toker N, Sivas A, Oz H. The
effect of chronic ethanol ingestion on hepatic lipid peroxide,
glutathione, glutathione peroxidase and glutathione transferase in
rats. Toxicology. 1985;36:71-6.

Casini AF, Ferrali M, Pompella A, Maellaro E, Comporti M. Lipid
peroxidation and cellular damage in extrahepatic tissues of
bromobenzene-intoxicated mice. Am J Pathol 1986;123:520-31.
Mylroie AA et al. Erythrocyte superoxide dismutase activity and
other parameters of copper status in rats ingesting lead acetate.
Toxicol Appl Pharmacol. 1986; 82: 512-20.

Aebi H. Catalase in vitro. Methods Enzymol, 1984; 105: 121-126.
Johansen KL Exercise and chronic kidney disease: current
recommendations. Sports Med 2005;35: 485-99.

Silva GJ, Brum PC, Negrao CE, Krieger EM Acute and chronic
effects of exercise on baroreflexes in spontaneously hypertensive
rats. Hypertension 1997;30: 714-19.

Winnick JJ, Sherman WM, Habash DL, Stout MB, Failla ML, et al.
Short-term aerobic exercise training in obese humans with type 2
diabetes mellitus improves whole-body insulin sensitivity through
gains in peripheral, not hepatic insulin sensitivity. J Clin Endocrinol
Metab 2008;93: 771-78.

Boor P, Celec P, Behuliak M, Grancic P, Kebis A, Kukan M,
Pronayova N, Liptaj T, Ostendorf T, Sebekova K. Regular moderate
exercise reduces advanced glycation and ameliorates early diabetic
nephropathy in obese Zucker rats. Metabolism. 2009;58:1669-77.
Bronas UG. Exercise training and reduction of cardiovascular disease
risk factors in patients with chronic kidney disease. Adv Chronic
Kidney Dis. 2009;16:449-58.

Hamilton KL. Antioxidants and cardioprotection. Medicine and
science in sports and exercise. 2007;39:1544-53.,

Gorce-Dupuy AM, Vela C, Badiou S, Bargnoux AS, Josse C, Roagna
N, Delage M, Michel F, Vernet MH, Destizons D, CristolJP.
Antioxidant and oligonutrient status, distribution of amino acids,
muscle damage, inflammation, and evaluation of renal function in
elite rugby players.Clin Chem Lab Med 2012;50:1777-89.

H. Miyzaki, S. Oh-ishi, T. Ookawara, T. Kizaki, K. Toshinai, S. Ha,
S. Haga, L.L. Ji, H. Ohno Strenuous endurance training in humans
reduces oxidative stress following exhausting exercise Eur J Appl
Physiol 2001;84, 1-6.



72

Kumral et al.
Swimming exercise ameliorates renal injury

Marmara Pharm J 18: 66-72, 2014

37.

38.

39.

40.

41.

42.

Nakatani K1, Komatsu M, Kato T, Yamanaka T, Takekura H,
Wagatsuma A, Aoyama K, Xu B, Hirano T, Kasai H, Ando S,
Takeuchi T. Habitual exercise induced resistance to oxidative stress.
Free Radic Res. 2005;39:905-11.

Peeri M, Habibian M, Azarbayjani MA, HedayatiM.Protective effect
of aerobic exercise against L-NAME-induced kidney damage in rats.
Arh Hig Rada Toksikol 2013;64:43-9.

Donnahoo KK, Meng X, Ayala A, Cain MP, Harken AH, Meldrum
DR. Early kidney TNF-a expression mediates neutrophil infiltration
and injury after renal ischemia-reperfusion. Am J Physiol
1999;277:R922-9.

Kang C, Chung E, Diffee G, Ji LL. Exercise training attenuates
aging-associated mitochondrial dysfunction in rat skeletal muscle:
role of PGC-1la. Exp Gerontol. 2013;48:1343-50.

Pietrelli A, Lopez-Costa J, Goiii R, Brusco A, Basso N.Aerobic
exercise prevents age-dependent cognitive decline and reduces
anxiety-related behaviors in middle-aged and old rats. Neuroscience.
2012;202:252-66.

Radahmadi M, Alaei H, Sharifi MR, Hosseini N.The Effect of

43.

44.

45.

46.

Synchronized Forced Running with Chronic Stress on Short, Mid and
Long- term Memory in Rats. Asian J Sports Med 2013; 4:54-62.
Masini CV, Nyhuis TJ, Sasse SK, Day HE, Campeau S. Effects of
voluntary wheel running on heart rate, body temperature, and
locomotor activity in response to acute and repeated stressor
exposures in rats. Stress 2011;14:324-34.

Bansal A, Dai Q, Chiao YA, Hakala KW, Zhang JQ, Weintraub ST,
Lindsey ML. Proteomic analysis reveals late exercise effects on
cardiac remodeling following myocardial infarction. J Proteomics.
2010;73:2041-9.

Hung CH, Tzeng JI, Chang CN, Chen YW, Cho CY, Wang JJ.
Treadmill exercise preconditioning attenuates lung damage caused by
systemic endotoxemia in type 1 diabetic rats. J Diabetes Res 2013;
2013:527090.

LuizRda S, Silva KA, Rampaso RR, Anténio EL, Montemor J,
Bocalini DS, Dos Santos L, Moura L, Tucci PJ, de Abreu NP, Schor
N. Exercise attenuates renal dysfunction with preservation of
myocardial function in chronic kidney disease.PLoS One
2013;8(2):¢55363.



